response of Chironomidae (diptera) to impoundments in lowland streams This study evaluated for one year the effects of three small dams located in low order sections of the Bzura, Mrożyca and Mroga Streams (central Poland) on their benthic communities (Chironomidae).
INTrOduCTION
Chironomidae have a worldwide distribution due to their broad ecological tolerances. In lotic ecosystems, environmental factors such as disturbance regime/flow intermittency, inorganic substrate size, biome type (the quality and quantity of food resources, including amount of benthic particulate organic matter, BPOM) and annual temperature range were the most common factors affecting abundance and species diversity of these dipterans (Rossaro 1991; Vinson & Hawkins 1998; Fesl 2002; Głowacki et al. 2011) . Accordingly to Lehmann (1971) , Lenat (1987) and Lindegaard & Brodersen (1995) high chironomid species richness in rivers is maintained not only by differences in their microhabitats by also by differences in their diet and seasonality.
In the history of modern civilization much stress has been put on river modification. According to many hydrobiologists river impoundment is one of the most pervasive human disturbances of the world's ecosystems (Ward & Stanford 1980; Petts 1984; Bednarek 2001) ; these statements are based mostly on the analysis of the functioning of large rivers. The disruption of the upstream-downstream continuum of streams by damming has been much less studied (Armitage 1987 , Palmer & O'Keeffe 1990 .
The main goal of our investigations is gaining knowledge of the response of chironomid assemblages to unnatural flow fluctuations caused by dams. Our investigations concerned three lowland streams in Poland, which differed by their discharge due to various functions of the dam reservoirs and by various inputs of allochthonous organic matter from their valleys. Thus a more clear understanding of physical-biological relationships allows deeper insights into the ecological organization of streams and improves our ability to predict how flow alterations caused by various human activities affect the lotic ecosystems.
Study area
The six study sites were established in three streams within the Vistula River drainage basin, including a considerable part of the Łódź Voivodeship (central Poland). The study sites were located on each river upstream and downstream of its reservoir, at 10 or more km apart ( Figure 1 ).
All these rivers are a part of the Vistula drainage basin. The Bzura Stream arises at 235 m a.s.l., and is 166 km long; this river flows into the Vistula River at 64m a.s.l. Its catchment area is 7787.5 km 2 and the slope is 2.4‰ in the upper course. This stream flows in the vicinity of the Łódź city. Two study sites are located in a first order stream section: BZAu, the upstream site, are separated by three transient recreation ponds from BZAd, the downstream one (Figure 1 ). The largest pond (Arturówek Reservoir), the most downstream one, has an area of 3.05 ha and similarly to the others was constructed in 1963, mainly for the recreation of Łódź inhabitants. Two phenomena influence the discharge of this urban reach at the downstream site: 1. the release of water through a small dam downstream of the recreation ponds, to facilitate their cleaning, was followed by slow re-filling, 2. storm runoff, especially from roads. Large amounts of allochthonous organic matter, especially tree leaves, covered the stream bed of BZAd over the annual cycle because this stream flows across a forest. The other parameters of sites are given at (Figure 1 ). Historically, this one (and also other reservoirs) was used to power corn mills, saw mills and other industrial plants, including rolling copper and brass smelt works. Now this reservoir is maintained by the the Polish Angling Association. This stream flows through agricultural areas with many trees and bushes.
The Mrożyca Stream is a left tributary of the Mroga Stream, with a length of 27 km, and the catchment area of 118.9 km 2 . Its sources are located at 180 m a.s.l., while the mouth 92 m a.s.l. In the second order section of the Mrożyca Stream two study sites were established: one upstream from the Stara Piła Reservoir (MCAu) and the other downstream from it (MCAd) (Figure 1 ). The catchment area is agricultural area (mainly meadows) and forests. Now this reservoir is used by the Polish Angling Association.
The environmental parameters of these six sites are given in figure 2 and table 1; further details of these streams are presented by Grzybkowska (1995) , .
MATErIAl ANd METHOdS
Samples were collected at monthly intervals for one year from November 2007 to December 2008, in the Bzura, Mroga and Mrożyca Streams. The impact of the following riverine abiotic variables on species richness and density of macrozoobenthos were estimated: discharge, current velocity, width, depth, water temperature, dissolved oxygen and pH. Ten samples were collected with a 25 cm 2 (250 cm 2 of stream-bed area) tubular sampler at each site. Invertebrates from benthic samples were sorted by hand and preserved in 10% formalin prepared with stream water. Chironomidae larvae were identified to species level (if possible) or from imagines obtained at laboratory rearing (from additional quantitative samples).
On the basis of these benthic samples we also determined BPOM (amount of two fractions benthic particulate organic matter, BCPOM, coarse-and BFPOM, fine POM, Petersen et al. 1989) , TPOM (transported particulate organic matter), as well as periphyton (chlorophyll a concentration, Golterman et al. 1978) . We also estimated the granulometrity of inorganic substrate; SI is a single inorganic substrate index, obtained by summing the mid point values of size classes weighted by their proportional cover (Quinn & Hickey 1990) .
Data were log transformed (x + 1), when necessary, to satisfy the requirement of normality and homogeneity of variance (Levene's test). One-way analysis of variance (ANOVA) was used to examine the temporal variance of the environmental variables and of the dominant benthic groups. We also estimated the chironomid diversity (Shannon-Wiener index). Among multivariate techniques we used hierarchical clustering (CLUSTER) and nonmetric multidimensional scaling (NMS) to determine spatial variation between investigated sites based on chironomid assemblages (Clarke & Warwick 1994; StatSoft 2010) .
Further details of the methods are given by Grzybkowska & Dukowska (2002) and Szczerkowska-Majchrzak et al. (2010) .
rESulTS

Environmental variables
Statistically significant differences (ANOVA) between the investigated sites, above and below impoundments were recorded for the discharge and width in the Mroga and Bzura Streams, depth of the Mrożyca Stream, granulation of inorganic substrates (SI) of each of the streams, the amount of BFPOM in the Mroga Stream and BCPOM in the Mrożyca Stream and chlorophyll α in the Bzura Stream (Table 1, Figure 2 ). Note, that the high SI in the upstream site of the Bzura Stream was the effect of a few pebbles scattered on the sand; both these fractions of substrate inorganic particles were covered by high amounts of BFPOM.
Abundance of macroinvertebrates
Overall the highest mean annual density of macrozoobenthos was recorded in the Bzura Stream above the reservoir (over 25000 ind m -2 ) and it was significantly higher compared with all of the analyzed sites. In contrast the lowest density was found in the Mroga Stream (over 4500 ind m -2 ), also above the reservoir, and it was significantly lower compared with density downstream of the dam: below the dam of the Mroga Stream and above of the reservoir in the Mrożyca Stream (for those sites ANOVA, Tukey's post hoc p <0.002).
Throughout the investigated period benthic invertebrates consisted mainly of dipterans (Chironomidae) and Oligochaeta. 
the annual cycle; SI -substrate inorganic index, BCPOM (coarse) and BFPOM (fine) particulate organic matter; TPOM -transported particulate organic matter; * -statistically significant differences between each parameter of the upstream and downstream sites:* p<0.05, ** p<0.01, ***p<0.001. Figure 2 . Seasonal dynamics of discharge at the investigated sites of the three small lowland streams.
These midges constituted from about 30 (BZAd, MRAd and MCAd) to over 90% (MCAu) of the total benthic density. The highest mean annual density of Chironomidae was recorded in the Bzura and Mrożyca Streams above the reservoirs (about 10000 inds m -2 ), while at the other sites they had much lower (BZAd, MCAd, MRAu) and similar values (MRAd) ( Figure  3 ).
Chironomid diversity and abundance
In the natural reach of the studied streams Chironomidae were dominated either by Chironomini and Prodiamesinae (BZAu, MRAu) or by Chironomini, Tanytarsini and Prodiamesinae (MCAu). In turn at the downstream sites greater number of individuals, such taxa as Orthocladiinae (MRAd) and Tanypodinae (BZAd) were also able to occur (Figure 3) . As a consequence chironomid diversity in the altered sites increased; in the Bzura Stream the Shannon-Wiener measure changed from 0.312 to 0.615 (ANOVA, p=0.0005), in the Mroga Stream from 0.729 to 0.921 (p=0.006), and in the Mrożyca Stream from 0.678 to 0.704 (statistically insignificant).
The highest density was recorded for Chironomus riparius Meigen, 1804; this common species reached over 7500 inds m -2 (mean annual density) at BZAu. However at the other sites this taxon was replaced by other Chironominae: Chironomini such as Stictochironomus sticticus (Fabricius, 1781) (Figure 3) . Subfamily Prodiamesinae were represented by Prodiamesa olivacea (Meigen, 1818) with the highest density at BZAu (over 2700 inds m -2 ). For the second species of this subfamily, Odontomesa fulva (Kieffer, 1919) much lower density was recorded (about 150 inds m -2 ); these larvae were dwellers only at MRAu while at the other sites they were absent or accidental. Predatory and/or omnivore Tanypodinae were in significant numbers at BZAu, MRAd (mainly Conchapelopia melanops (Meigen, 1818) and at BZAd (Procladius). Orthocladiinae reached the highest density at MRAd (mainly Cricotopus/ Orthocladius spp.), and, consequently the highest proportion of Orthocladiinae to Chironomini was noted at this site (0.3) while at the other sites these index values did not exceed 0.1.
Both nonmetric multidimensional scaling ordination NMS and hierarchical clustering (CLUSTER) showed similar results. Because stress index (NMS) for our data was very low (<0.01) we may suppose that this method gives good representation with no prospect of misinterpretation. As you can see axis 1 well separates upstream and downstream for the Mroga Stream whereas the Bzura Streams shows up/down changes best along axis 2. The relatively short distance of the two investigated sites of the Mrożyca Stream was the effect of H' index being at a similar level (Figure 4 , 5).
dISCuSSION
Dams impact lotic ecosystems in a number of ways by altering the natural flow fluctuations, modifying temperature and oxygen and by fragmenting the continuity of rivers. According to some hydrobiologists, the macrobenthic groups favored by altered conditions below dams include dipterans (Lehmkuhl 1972) , especially blackflies (Spence & Hynes 1971) , whereas plecopterans are greatly reduced or absent immediately below reservoirs. In turn Trichoptera and Ephemeroptera may be enhanced or reduced downstream of dams depending on the taxa (Ward & Stanford 1990; Tszydel et al. 2009 ). Thus at the downstream sites, the different pattern of macroinvertebrate response, concerning both their quality and quantity, may be observed. In the reach of the Bzura Stream below the impoundment the macroinvertebrate assemblages changed, but Chironomidae and Oligochaeta still dominated, similarly disturbs the ecological balance in aquatic environments, and sometimes the eutrophication may lead to population explosion of Chironomus (Ali 1995). In the downstream Bzura Stream, there were high seasonal fluctuations of discharge, from stagnation (due to refilling of the recreation ponds after their emptying and cleaning in spring) to inflow of large volumes of rain water (in winter). This kind of moderate disturbance makes this site more heterogenous than the upstream site, which allows the existence of a much higher number of Chironomini species. Upstream of the dam, a lower species diversity was noted due to almost only C. riparius occurring there in high abundance.
to the upstream site, where the most prevalent species was C. riparius. Among Chironomidae it is the tribe of Chironomini that occupies the most diverse habitats ranging from oligotrophic to eutrophic rivers and streams (Moller & Pillot 2009 ). The genus Chironomus includes red larvae with extraordinary high concentrations of hemoglobins in haemolymph and with haemolymph-filled abdominal tubules that have thin walls associated also with respiration, which are appropriately termed tracheal gills. Thus, the larvae can live in ecosystems with low oxygen level. Frequently this kind of polluted ecosystems, usually as an effect of human activities, The main important factors controlling the distribution of riverine macrobenthic assemblages, besides temperature, are flow regime, which also to a large degree regulate availability of food (quality and quantity of food sources, including amount of benthic particulate organic matter, BPOM) are the granulometry of mineral substrate (SI, Minshall & Robinson 1998) . Gravel and pebbles are colonized by a higher number of macroinvertebrates than smaller inorganic particles (sand) because this kind of habitat offers surfaces for attachment on which it is easy to forage and/or construct larval cases, and to develop biofilm (periphyton). It may also constitute important refuges from predators and provide a heterogeneous substrate enabling numerous macroinvertebrates to co-exist (Rabeni & Minshall 1977; Bournaud et al. 1998; Heino et al. 2004; Dukowska et al. 2007; Szczerkowska-Majchrzak 2010) . A similar pattern was observed at the downstream site of the Mroga Stream, where increase in chironomid diversity in comparison with the reference site were noted. This trend was a consequence of higher flow fluctuations, with their potential to sort mineral particles; these events remove and/or redeposit substrate, creating gravel-pebble river bed. Thus below the dam instead of the great number of Prodiamesinae (P. olivacea, O. fulva) and less abundant Chironomini (S. sticticus) a more diverse and abundant chironomid assemblage was able to develop, which was represented not only by Prodiamesinae and Chinonomini, but also by Tanytarsini and Tanypodinae. Thus the diversity of the chironomid assemblage of MRAd form a separate subcluster from the others.
The specific changes in chironomid assemblages between upstream and downstream sites were noted in the Mrożyca Stream. Similarly to the Bzura Stream breaking the of the Mrożyca Stream continuum caused a proportional decrease in the abundance of each dominant taxa, but contrary to the Bzura Stream species diversity of these midges remained at the same level. As a result these two sites of the Mrożyca Stream were close to each other (CLUSTER and NMS).
Our study sites may be compared to urban stream reaches, where the abundance of Ephemeroptera, Trichoptera and Plecoptera (EPT), which are good determinants of discharge changes, were rather low. Our results were due to investigations of Gresens et. al (2007) , who stated low densities of EPT in urban reaches as opposed to direct stormwater runoff. However only chironomids at the species and/or genus level were good determinants of discharge changes in altered sandy streams, which in our study was due to breaking the upstreamdownstream continuum.
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